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ABSTRACT (Maximum 200 words)
We have developed experimental pulsed field techniques by which stress is considerably reduced in films of Fe80B15 .
S i
One technique involves the application of a magnetic field of 500 Oe alorlg the hard axis and maintaining the annealing temperature at 275 C. The other technique involves rotation of the film in the presence of the field. We model the reduction in stress in terms of a reduction of defects induced by gas inclusions during film preparation. Our estimate of the stress reduction is in reasonable agreement with other estimates deduced from extended X-ray absorption fine structure (EXAFS) studies. Our studies suggest a systematic experimental technique by which the magnetic anisotropy field can be tailored in a film. 
Introduction
The transition metal-boron film system I is recognized as an idealized soft magnetic film system. Films in the amorphous state have relative high resistivity in comparison to permalloy or any other amorphous system. The saturation magnetization can be as high as 80% of that of iron and the magnetic anisotropy field, HA, is as low as 0. Typically, films are prepared by the sputtering technique and are found to be amorphous. 7 Invariably, the films exhibit a well defined easy axis of magnetization in the film plane, 8 or a uniaxial magnetic anisotropy field,
HA. This has presented a paradox in that amorphous films were thought to be magnetically and mechanically isotropic. We hypothesize that this unique axis of magnetization is induced by stress during the growth of the films.
We further hypothesize that both stress and magnetic anisotropies are both uniaxial in symmetry and are connected by the magnetostriction constant, A.
As such, we proposed to investigate one specific film composition in which A 
By measuring HA before and after annealing the film we calculated the reduction in stress from Eq.(1) (assuming A -32x10" 6 ). M is measured direitly, since it is slightly sensitive to changes in annealing conditions. We find our deduced value of stress reduction is in agreement with an independent measurement of a by EXAFS studies on films of Fe 8 oBI 5 Si5. 10,11
It is not clear the mechanism by which the films are stressed during the growth process. However, we surmize that gas inclusions may stress the films in a way to induce an uniaxial stress in the films. Our annealing procedure has reduced the number of defect sites due to gas inclusions.
Film Preparations
Film deposition was performed using an ion Tech beam sputtering gun, 
Determination of Annealing Conditions
The aim of this investigation was to reduce the stress in films upon the application of pulsed magnetic fields at high temperature. As such, we performed preliminary annealing experiments to determine the appropriate magnitude of the magnetic field, H, the annealing temperature, and the time duration of the pulsed width. From Fig.2 it is apparent that in this alloy system the highest uniaxial anisotropy magnetic field is about 50 Oe.
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Thus, a field greater than this value was sufficient to cause alignment for any direction of H in the film plane. We chose the annealing field value to be 500 Oe.
The annealing temperature, TA, was carefully chosen, since there is a smaller window of temperature range to choose from. The Curie temperature of preliminary studies. In summary, the annealing conditions were as follows:
TA -2750C, H -500 Oe, and At -5 minutes; H was applied along the hard axis of magnetization during the annealing run or cycle.
In addition we have introduced an alternative annealing technique in which H was fixed in magnitude and applied in the film plane, but the film was rotated at an angular frequency of w -0.62 rad/sec. The annealing temperature was fixed at 275 0 C, see Fig.6 . The rationale for this annealing procedure was based upon the notion that any direction in the film plane can be induced to be an easy axis of magnetization including the hard axis (as illustrated from the first annealing procedure).
Experimental Results

A) Annealing Studies -Pulsed Fields
In the torque magnetometer measurement the vertical axis is the torque exerted by the external field on the magnetization, see Fig.7 . The vertical axis is in units of dyne-cm and is zero for the field parallel to the easy axis of magnetization. The main feature to note here is that the torque exhibits 1800 symmetry or unaxial symmetry. Indeed, the family of films deposited by us exhibit uniaxial symmetry for the field in the film plane. In Fig.12 we plot the magnetization (in emu) as a function of H along the hard axis before annealing the sample. The direction of the easy axis is determined after the growth of the film. We measured HA to be 14±1 Oe. The coercive field, Hc, was measured to be 0.4 0e. It is understood that this sample was a virgin sample. The corresponding torque measurement is shown in Fig.13 , exhibiting the usual two fold symmetry described above. In Fig.14 We measured in Fig.14 HA to be 2±0.5 0e. The coercive field was 2.67 Oe. In Table 1 we compare the results of this annealing procedure with the pulsed field annealing procedure.
The saturation magnetization remained approximately the same before and after the annealing procedure (0.78 versus 0.77 emu). However, the squareness ratio SQ was greatly affected by either annealing procedure. The other quantities which were greatly affected were H A and H.. Based upon the results presented in Table 1 both annealing procedures are effective in reducing HA. This presents a unique opportunity in being able to process thin film materials for special engineering applications. For example, the technique involving rotation may be deployed during the growth of the filmin-situ annealing. The pulsed field technique may be deployed as a post annealing procedure. As such, it may be possible to tailor a given film of various alloy composition to reduce or increase HA systematically by these annealing procedures.
C) Related Measurements
In Table 2 we show the results of the ferromagnetic resonance (FMR) data. Of particular interest to us is the zero field FMR (ZFMR). By zero field we mean that there is no external field applied to the magnetic film.
Usually, FMR experiments require a bias external field. We have developed 14 the ZFMR technique using a slot-coplanar device. For films like ours the ZFMR is given below: Besides zero field FMR we have performed standing spin wave mode resonance (SWR) before and after annealing. 
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where z -3.5 ±1 is the first nearest neighbor number measured by EXAFS, <s> -SFe(no/nFe), J -2.16xi0 One way of measuring such a local field would be to utilize a probe of sufficient sensitivity to magnetic fluctuations over small regions (-10A).
We do not believe that
is sensitive to this type of local fluctuations in these materials.
Finally, it is well known that gas inclusions are incorporated in the film during processing. Typically, both working (argon) and residual (e.g.
nitrogen, hydrogen, and oxygen, etc.) gases are entrapped in the film. The only assumption we make is that the entrapment of the gases establishes an anisotropic network of voids (or defects) in the film. The entrapmnnt of these gases generate strain in the film plane. Relaxation occuring alo.ig the axis normal to the film plane is assumed to be negligible. Once a uniial stress or strain axis is established to be in the film plane tLere corresponds 1 9 an anisotropy field, HA 1 , of the following amplitude Using these parameters our estimate of HA"I is 30 Oe for Fe 8 0 Bl 5 Si 5 compared
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to a measured value of 13 to 15 Oe. We surmise that the effect of annealing is to reduce the number of trapped voids in the film during structural relaxation. In Table 4 comparisons between calculated and measured magnetic parameters are shown.
In summary we conclude
1)
We believe that this is the first study to apply EXAFS measurements to correlate changes in local atomic structure to changes in magnetic properties. Such studies are invaluable in determining the response of materials to practical processing techniques such as annealing and in gaining insight to the fundamental relationship between structure and magnetism.
2) We believe that our annealing procedure involving pulsed fields which changing polarity (every five minutes) is an effective procedure to reduce the growth induced anisotropy fields in amorphous magnetic films and therefore stress in the films. The fact that VSK and FMR measurements are in agreement implies that indeed the measurements of HA by VS are reliable and consistent with other type of magnetic measurements.
3)
We have developed an alternative annealing technique which is as effective as the pulsed field technique in reducing HA. We believe that both annealing techniques may be applicable to the iron-boron alloy to reduce stress. Hence we suggest a systematic procedure by which HA can be tailored to specific requirements or specifications. .184E-03 Mbssbauer spectroscopy x x-ray diffraction analysis n neutron scattering DRP calculated using dense random packing models xafs extended x-ray absorption fine structure analysis, unless noted, data was acquired via transmission xafs" conversion-electron extended x-ray absorption fine structure analysis References: (10) and (11). 
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